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METHOD AND APPARATUS FOR 
COOLING ELECTRICAL FUSES 

Cross Reference to Prior Applications 

The present invention claims priority to United States Provisional Application Serial 
Number 60/284,819, filed April 19, 2001 , the contents of which are incorporated 
herein by reference in their entirety. 

Background of the Invention 

[0001] 

The present invention generally relates to cooling systems for electrical 
equipment. More particularly, the present invention relates to cooling electrical 
protective devices such as fuses that are attached to electrical terminals. Electrical 
power converter units are vital and expensive components used in a variety of electric 
power system applications such as metal rolling mills and transportation systems. 
Power converters must be cooled to maintain their proper operating temperature. In a 
typical air-cooled power converter unit, heat generated by the unit is removed by free 
or forced convection to the ambient air to maintain the unit's operating temperature 
within an acceptable range. Although some units are air-cooled, higher power units 
often generate too much heat to be sufficiently cooled by free or forced convection of 
heat to the ambient air. Consequently, such high power units may be liquid-cooled. 
Power converter units typically utilize auxiliary devices. In air-cooled units, such 
devices are usually sufficiently cooled by free convention (also referred to as passive 
cooling) or forced convection (also referred to as active cooling) of heat to the ambient 
air. However, auxiliary devices on liquid-cooled units, may not be sufficiently cooled 
by the air. One type of auxiliary device that may require additional cooling when 
attached to a liquid-cooled unit, or even a high-powered air cooled unit, is the 
electrical fuses or fuse arrays. The purpose of fuses is to isolate the power converter 
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circuits or other electrical components and equipment during an electrical fault event 
by melting their elements, severing the electrical circuit, and stopping the flow of 
electric current. This isolation limits the damage from high electrical currents during a 
fault. Since the fuses produce waste heat in normal operation, they must be cooled to 
maintain temperature limits for proper power converter protection and fuse life. When 
a higher-powered unit is designed, additional fuses may be added to an existing fuse 
array to help increase the power rating, but the fuses may no longer be electrically 
coordinated with the power converter. The fuses" elements must be coordinated, with 
respect to thermal capacity and arc voltage, with the power converter components 
they are protecting. Thermal capacity electrical coordination is the coordination of 
thermal capacity of the fuses with the power converter electrical conductors (which 

2 

may be calculated by electrical current squared and multiplied by time, or I t). 
Electrical arc voltage coordination is the coordination of the voltage level created 

when the fuse elements melt with the voltage level that can be withstood by the 

electrical components, equipment and insulation system. Simply adding more fuses to 

a fuse limited unit may not provide the required electrical coordination, and may 

increase the cost of the fuse array. Thus it is desirable, from both a performance 

standpoint and an economic standpoint, to use an existing fuse array or a slightly 

modified fuse array on liquid-cooled units and on air-cooled units that are fuse 

limited and may be converted to higher powered units. A solution that may allow the 

use of existing fuse arrays on a higher-powered unit is to use actively cooled fuses. 

Some fuses can operate at higher power levels when they are actively cooled. A power 

converter being designed as a high powered unit or an air cooled unit that is being 

refitted as a higher-powered unit may require few or no additional fuses to handle the 

increased power load if the fuses are actively cooled. One method of actively cooling 

the fuses is to force air over them. Although forced-air cooling may provide a cooling 

benefit, such systems may cause additional problems. For example, the increased 

volume of air flowing to the fuses carries with it an increased amount of particulate 

matter and other contaminants, which may condense on and around the fuses and 

other power converter devices and cause malfunctions. In addition, cooling the fuses 

with forced air may provide inconsistent cooling of the individual fuses in the array. 

For example, there is usually a narrow gap between the ends of the fuses and the 

electrical connection terminal and a narrow gap between fuse bodies. Such narrow 
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gaps may restrict the airflow, causing insufficient cooling. Local heat build-up at the 
fuse ends could substantially degrade the performance and life of the fuses, in order 
for the electrically parallel fuses in an array to evenly share an electrical current, the 
individual fuses must be maintained at the same temperature. Due to these and other 
problems, it would be desirable to provide an improved apparatus for cooling fuse 
arrays that can be added to existing power converters or incorporated into new power 
converter designs to allow existing or slightly modified fuse arrays to operate at an 
increased power rating. It also would be desirable to provide such an apparatus at a 
minimal cost. In addition, because power converter units are typically used in 
industrial and commercial applications, making down time for repairs or refitting 
expensive, it also would be desirable to provide an improved apparatus that can be 
installed quickly and easily to minimize down time. 

Brief Summary of the Invention 

j [0002] The present invention overcomes the problems discussed above, and provides 
additional advantages, by employing a fluid cooling apparatus that cools electrical 
protective devices, such as fuse arrays having one or more fuses, mounted to 
electrical terminals. 

•I [0003] Exemplary embodiments of the invention have one or more coolant passages 
attached to a pair of electrical terminals in a thermally conductive manner. Several 
coolant conduits are connected to the coolant passages and connected to a 
pressurized coolant source. The pressurized coolant source passes a cooling fluid 
through the conduits and passages, thereby directly cooling the terminals and 
indirectly cooling the fuse array. An exemplary embodiment may employ heat 
exchangers to cool the cooling fluid between successive passes to the electrical 
terminals. The cooling apparatus may also be used in conjunction with ambient air 
cooling of the fuses or other cooling systems. 

In another exemplary embodiment of the apparatus of the present invention, the 
apparatus has a pair of coolant passages, each bent to have two roughly parallel 
portions. Each bent coolant passage is, for example, attached to one of the terminals 
by brazing the parallel portions to the terminal such that they divide each connection 
terminal into three approximately equally sized regions. The two terminals are 
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interconnected by six fuses, which are attached to the terminals at each end of the 
fuses. Two fuses are located in each of the connection terminal regions noted above. 
Several coolant conduits are connected to the bent coolant passages and are 
connected to a pressurized coolant source, which passes cooling fluid through the 
conduits and the passages. 

[0005] In an exemplary embodiment of the invention the electrical current rating of the 

fuses may be increased above their normal electrical current rating. In another 

exemplary embodiment, the service life of the fuses may be increased above their 

normal life. In yet another exemplary embodiment of the invention, the electrical 

current rating and service life of the fuses are increased while maintaining thermal 

2 

capacity coordination (which may be calculated by I t) or electrical arc voltage 
coordination between the fuses and a power converter protected by the fuses. 

[0006] In another exemplary embodiment of the invention, waste heat generated by the 
fuses is removed, thereby reducing the ambient air temperature and increasing air 
cooling to other devices being operated in conjunction with the fuses. In yet another 
exemplary embodiment, the waste heat removed from the fuses is employed to 
provide benefits to other parts of a system. 

[0007] 

Brief Description of the Drawings 

[0008] 

[0009] The present invention can be understood more completely by reading the 

following detailed description of exemplary embodiments, in conjunction with the 
accompanying drawings, in which: 

[0010] Figure 1 is an isometric drawing of a portion of an embodiment of the present 
invention; 

[001 1 ] Figure 2A is a view of a portion of an embodiment of the present invention shown 
with one electrical connection terminal partially cut away and one coolant passage, 
two coolant conduits, and the pressurized coolant source removed for improved 
clarity; 
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[0012] Figure 2B is a cross sectional view of the portion of the embodiment of the 
present invention of Figure 2A as viewed along line AA; 



[001 3] Figure 2C is a cross sectional view of the portion of the embodiment of the 
present invention of Figure 2A as viewed along line BB; 

[001 4] Figure 3 is a schematic diagram of the cooling circuit of one embodiment of the 
present invention; 

[001 5] Figure 4 is a schematic diagram of the cooling circuit of another embodiment of 
the present invention; and 

[0016] Figure 5 is a schematic diagram of an embodiment of the present invention being 
used to cool an electrical device, and further providing a waste heat recovery function. 

Detailed Description 

I [0017] 

.; [001 8] The embodiments of the present invention described herein are generally used in 
conjunction with a fuse array mounted between two electrical terminals. Although the 
embodiments are described herein in terms of fuse arrays, and more specifically in 
terms of fuse arrays associated with power converters, it should be understood that 
the present invention may be used with a variety of electrical protection devices that 
may benefit from a fluid cooling system. 

In one embodiment a fuse array is mounted between a pair of electrical 
connection terminals. One or both of the terminals is directly cooled by means of a 
fluid coolant, and the cooled terminals maintain the temperature of the fuses within 
the required operating range. Heat is transferred from the terminals to the coolant by 
passing the coolant through coolant passages which are attached to the terminals in a 
thermally-conductive manner and which may be any suitable structure and material 
capable of communicating the fluid from the source and through the cooling circuit. A 
pressurized coolant source forces the coolant through the passages. The pressurized 
coolant source may be connected directly to the passages, or may transport the 
coolant to the passages through additional coolant conduits located between the 
pressurized coolant source and the passages. The coolant may also pass through one 
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or more heat exchanging devices to assist with cooling. In addition, because the 
terminals typically are at a large electric voltage potential with respect to each other, 
other devices, and the electrical ground, the coolant conduit and passages may be 
electrically insulated by constructing them from a non-conductive material and using 
a non-conducting coolant, such as deionized water. 

[0020] A suitable thermal operating range of the embodiments described herein is the 
temperature range that provides acceptable fuse operation. In one embodiment, the 
fuses provide acceptable operation when their temperature is between about zero 
degrees Celsius and about one hundred degrees Celsius. 

[0021] Figure 1 illustrates one embodiment of a fluid cooling apparatus used in 

conjunction with the present invention. In the embodiment of Figure 1 , a fuse array 
comprising six electrical fuses 1 2 is mounted between a pair of electrical terminals 14 
that are depicted in this embodiment as plate-like terminals. A coolant passage 16, 
shown in Figure 1 as a tube, is attached to each electrical terminal 14. 

? [0022] The fuses 1 2 of the fuse array may be attached to the terminals 1 4 at both ends of 
each fuse 12. Electric current flows from one terminal 14, through the fuses 12, and 
into the opposing terminal 14. The fuses 12 are selected such that the fuse elements 
will melt, or blow, before the power converter or other associated devices are exposed 
to a damaging level of electrical energy. Electrical fuses are generally well known in 
the art, and the fuses 1 2 may be of any of a number of electrical fuse types, such as 
cylindrical fuses, blade-type cylindrical fuses, ferrule mounted fuses, clip-lock 
mounted fuses, screw-in fuses, and the like. The fuses 1 2 may use any number of 
circuit-breaking elements, such as parallel-connected pure silver elements, folded 
silver elements, ceramic-encased elements, and the like. 

The fuse array may comprise a single fuse 1 2, or there may be more than one fuse 
1 2 in the array. In one embodiment, there are six fuses 1 2 in the array. The fuses 1 2 
may be arranged in a number of patterns. The patterns may be selected to facilitate 
cooling of the fuses 12, as is described in more detail herein. In one embodiment, the 
fuses 12 are arranged in two rows. In order to promote equal distribution of the 
electrical current among the fuses (and, consequently, for the fuses to provide 
optimum protection), it is preferred that the fuses be configured to provide the fuses 
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with substantially identical thermal, electrical, and electromagnetic environments. In 
order to obtain this goal, the fuses may be separated from one another and located 
annularly or in other configurations around the path of the current flowing through 
the device being protected. In this manner, the currents flowing through the devices 
may be substantially uniform during normal operation and during transient events, 
such as a fuse blowing. In practice, however, practical advantages may be obtained by 
grouping all or some of the fuses into arrays. Although such grouping of the fuses 
may cause some degradation in overall performance, the degradation may be minimal, 
and the counter-balancing advantages of cost savings, improved serviceability, and 
other advantages may be substantial. 

[0024] In one exemplary embodiment, the fuse array comprises six fuses, such as Ferraz- 
Shawmut semiconductor fuses, part number W221 509 (available from Ferraz- 
Shawmut Incorporated, a corporation with North American headquarters in 
Newburyport, Massachusetts), arranged in a 3-by-2 pattern having two rows and 
three columns. In this exemplary embodiment, the centers of the fuses 12 are spaced 
approximately three and three quarters inches away from the adjacent fuses in the 
same row or column. In this embodiment, such an array provides proper over-current 
protection as long as the fuse 1 2 bodies are maintained within an acceptable 
temperature range, for example, between approximately zero degrees Celsius and 
approximately one hundred degrees Celsius. Other arrangements of rows and 
columns will be obvious to one skilled in the art based on the teachings herein. For 
example, the rows and columns may have a greater or lesser number of fuses, or may 
be staggered such that the columns or rows are oriented in any of a variety of 
configurations or other wise arranged. 

[0025] e | ectr j ca | terminals 14 may be made of any suitable electrically conductive 

material, such as copper, aluminum, and the like. The terminals 14 must be able to 
transfer electrical current to and from the fuses 12 without overheating the fuses or 
the terminal-to-fuse connections due to the electric load. In one embodiment, the 
terminals 14 comprise three-sixteenth"s inch thick copper plates. The fuses 12 may 
be attached to the terminals 14 by any suitable means known in the art. In the 
embodiment depicted in Figure 1 , the fuses 1 2 are attached to the terminals 14 by 
mounting bolts 20, that pass through the terminals 14 and are threaded into each end 
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of each fuse 12. Any other suitable means of attachment known in the art may also be 
used, such as hooks, spring clips, and tapered holes. The type of attachment may vary 
for different types of fuses. In all cases, however, the connections preferably allow 
electricity to flow between the fuses 1 2 and the terminals 1 4 such that the joint 
between the fuses 12 and the terminals 14 does not overheat and prevents any open 
gaps susceptible to arcing. 

[0026] In one embodiment, the arrangement of the coolant passage 1 6 or passages is 

designed to provide each of the fuses 12 with a substantially equal amount of cooling. 
Such a design prevents isolated fuses 12 from overheating, and helps to equalize any 
fuse temperature dependent variations in the fuse properties across the entire fuse 
array. Providing consistent fuse temperatures promotes even flow or sharing of 
electrical current among fuses 1 2 mounted in an electrically parallel fashion. One or 
both terminals 14 may be equipped with one or more cooling passages 16. In one 
embodiment, both terminals 14 are provided with substantially identical passage 
arrangements to provide equal cooling to the fuses 12 at both ends of the fuses 12. In 
some applications, however, additional cooling may be supplied to only one terminal 
14, or part of one terminal, to account for differential heating or other asymmetrical 
heating patterns caused by the surroundings. 

[0027] The coolant passage 16 or passages may be straight lengths of tubing material or 
they may be bent or formed. A single piece of tubing material may be manipulated 
into a shape that provides all of the necessary cooling for a terminal 14, to provide 
easier access to the ends of the passages 1 6, or for other reasons. The design of the 
coolant passages 1 6 will vary depending on the cooling requirements of the particular 
application and manufacturing and fabricating considerations. 

[0028] Figures 2A, 2B, and 2C, are three views of an embodiment of the present 
invention, with some parts removed or cut away for clarity. In the embodiment 
depicted in Figures 2A, 2B, and 2C, a single bent coolant passage 16 is attached to 
each terminal 14. Each of the passages 16 is bent into a U shape having two roughly 
parallel lengths 22, which are attached to the terminals 14 between different columns 
of fuses 1 2. This embodiment has been found to provide a substantially even 
distribution of cooling to each of the fuses 12. 
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[0029] The coolant passages 1 6 may be made from any material which is a suitable heat 
conductor and which can be operatively attached to the terminals 14, such as copper, 
aluminum, steel, and the like. The passages 1 6 may also have any of a number of 
cross sectional shapes, such as round, rectangular, and square shapes, and may 
further comprise cooling fins. In one embodiment of the present invention, the 
passages 1 6 are made from stainless steel tubing. Such tubing is a good heat 
conductor, easily formed, relatively inexpensive, and resists corrosion. In one 
embodiment, the passages 16 are made from stainless steel tubing having an inner 
diameter of three-tenths of an inch , and an outer diameter of three-eighths of an 
inch. 

[0030] The coolant passages 1 6 may be connected to the terminals 14 by any means 

known in the art that allows a heat-conducting path between the passages 16 and the 
terminals 14. The attachment means may also be selected to increase heat transfer 
from the terminal 14 to the coolant passages 16. Such joining methods include, for 
example: retaining straps, soldering, brazing, welding, and adhesive bonding. It may 
be preferred to arrange the passages 1 6 to be in physical contact with the terminals 
14 over the greatest possible surface area to improve heat transfer. It also may be 
preferred that the attachment means comprises a heat conducting material that 
increases the effective contact area between the passages 16 and the terminals 14, 
thereby improving heat transfer. 

[0031] In one embodiment, the passages 16 are brazed to the terminals 14. Any brazing 
method may be used, such as torch brazing, dip brazing, induction brazing, and the 
like. Brazing may be particularly useful because the brazed joints 24 have suitable 
strength and high heat transferring properties, and are relatively inexpensive to 
manufacture. The brazed joints 24 may partially envelop the passages 16, thereby 
increasing the overall contact area between the passages 1 6 and the terminals 1 4, and 
improving the heat transfer from the terminals 1 4 to the passages 1 6. 

[0032] 

Coolant is carried to the coolant passages 1 6 through one or more coolant 
conduits 1 8, which may be integral with or extensions of the coolant passages 1 6. 
The conduits 1 8 may comprise any suitable material. To accommodate manufacturing 
necessities and spatial constraints, the conduits 1 8 may be constructed of a material 
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and/or be adapted to be easily formed and flexed. Further design considerations may 
require that the passages 1 6 and/or conduits 1 8 may be adapted to withstand the 
operating temperatures and voltages of the electrical system. Furthermore, the 
conduits 1 8 preferably are electrical insulators to prevent unwanted grounding or 
short circuiting of the system. If the conduits 1 8 are separate from the passages 1 6, 
the conduits 1 8 may be adapted to be easily attached to and detached from the 
coolant passages 16 to facilitate installation and maintenance. A variety of well- 
known attachment means may be used to attach the conduits 1 8 to the passages 1 6, 
such as hose clamps, interference fits, and compression fittings. In one embodiment, 
the conduits 1 8 are made from silicone tubing having an outer diameter of five- 
eighths of an inch and an inner diameter of three-eighths of an inch. The conduits 1 8 
of this embodiment may be attached by fitting them over the ferruled ends of the 
coolant passages by hand then securing them with clamps. 

^ [0033] Referring now to Figure 3, the apparatus further comprises one or more 

pressurized coolant sources that forces coolant through the heat exchange apparatus. 
The pressurized coolant source may be, for example, a pump 26, a raised reservoir 
(not shown), and the like, 

\ [0034] The coolant 28 may be any fluid material, in a liquid or gaseous form, with a heat 
capacity that provides adequate cooling throughout the operating range of the 
apparatus. For example, water may be used for an apparatus having an operating 
range of about zero degrees Celsius to about 1 00 degrees Celsius. The thermal 
stability of the coolant 28 may be extended outside its normal range by the addition 
of antifreeze or other chemicals which stabilize or extend the liquid phase of the 
coolant 28. The coolant 28 can be a suitable electrical insulator, which will prevent 
unwanted grounding or short circuits of the electrical system. In one embodiment, the 
coolant 28 is deionized water, which provides good electrical insulation and relatively 
high heat carrying abilities. 

[0035] 

Alternatively, the coolant 28 may comprise an electrically conductive material, 
such as tap water. However, if the coolant 28 is an electrical conductor, then 
additional features may be desired or required to electrically insulate the coolant 28 
from the interior surfaces of the coolant passages 16 or to otherwise electrically 
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insulate the apparatus to prevent unwanted grounding, shorting or excessive electrical 
current flow in the coolant 28. In one exemplary embodiment, this may be 
accomplished by coating the interior surfaces of the coolant passages 16 with an 
insulating layer of material, such as plastic, silicone, or certain ceramics, or by making 
the coolant passages 16 from an electrically insulating material. In another 
embodiment, the apparatus may be electrically insulated by using an electrically 
insulating coolant conduit 1 8 with an outside diameter of such a size that it fits within 
the coolant passage 1 6. Such a conduit 1 8 may be routed through the passage 1 6 
such that heat is transferred from the terminals 14 to the coolant without being in 
physical contact with the coolant. In yet another embodiment, if the electrical system 
voltages are relatively low, tap water may be used without additional insulating steps. 
In designing a system using a conducting fluid such as ordinary tap water, care must 
be taken to ensure that the electrical current in the fluid does not cause substantial 
erosion of the materials comprising the system. Such a system may also create 
additional current to the ground, which may set off ground fault detectors, or cause 
other problems, which may necessitate further modifications of the system. 

s [0036] The coolant 28 is circulated through the coolant conduits 1 8 and coolant passages 
1 6 at a flow rate that is sufficient to maintain the fuses 1 2 within their operating 
temperature limits for the desired power load. The calculation of such flow rates is 
known in the art, and such determinations may be made by routine experimentation. 
In one embodiment, deionized water is circulated at approximately one and one-half 
gallons per minute. 

[0037] The pressurized coolant source, illustrated as a pump 26, may be any pump or 
suitable pressurized liquid source, such as a municipal water source, with a flow 
capacity sufficient to cool the fuses 1 2. The pump 26 may also be the same 
pressurized coolant source that is used to cool other electrical devices, such as a 
power converter to which the fuse array may be attached, or other fuse arrays. 

[0038] 

A variety of coolant circuit designs may be used to accomplish the desired goal of 
cooling the fuses 12 in the fuse array. An example of a simple recirculating two- 
circuit design is depicted in Figure 3. A pump 26 circulates coolant 28 through a heat 
exchanger 32, where the coolant 28 releases heat acquired from the terminals 14 
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into, for example, a flow of air 34. Heat exchangers are known in the art. From the 
heat exchanger 32, the coolant 28 circulates through a first pair coolant conduits 1 8. 
Each of these coolant conduits 1 8 provides coolant 28 to a coolant passage 1 6 
attached to one terminal 14. From there, the coolant 28 flows through a second pair 
of coolant conduits 1 8, to a coolant reservoir 30. The coolant 28 is eventually 
recirculated to the pump 26 and sent back to the terminals 14 to absorb more heat. 

[0039] The coolant circuit may comprise additional features to facilitate monitoring and 
control of the temperature of the fuses 12. For example, one or more sensors 36 may 
be located on the terminals 1 4 or the fuses 1 2. A control system such as a computer 
processor 50 may use the output of the sensors 36 to determine when to operate the 
pump 26 or when to open valves 38 or other control devices that allow coolant to pass 
1 to the terminals 14. In an embodiment having multiple pumps 26 or valves 38, the 

coolant may be directed to one or both terminals 1 4 as needed. 

f [0040] Other coolant circuit designs may be developed to accommodate the particular 
requirements of each electrical system. For example, a non-recirculating, or passive 
design, depicted in Figure 4, may be used. In the embodiment of Figure 4, the coolant 
28 is supplied from a locally distributed tap water source 40, which is passed through 
the cooling circuit by the normal tap water pressure then released into a drain 42. 

} [0041] Various other open or closed circuit designs and features, other than those 

depicted in Figures 3 and 4 may be used with the present invention. For example, a 
single-circuit design may be used, in which the coolant 28 is passed through one 
coolant passage 16 attached to one terminal 14, then through another coolant 
passage 16 attached to the other terminal 14 before being released or recirculated. 
The cooling system may also be part of a larger cooling system that provides coolant 
to other devices, electrical or otherwise. In addition, a system may be designed having 
the heat exchanger 32, coolant reservoir 30, and pump 26 integrated into one or 
more integral units. In systems producing less heat, the heat exchanger 32, reservoir 
30, or both may be omitted. The design of such systems is known in the art, and 
skilled artisans will be able to employ a suitable system without undue 
experimentation. 

The present invention may be used in conjunction with a supplemental air cooling 
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unit. Such a unit may be desired to provide additional cooling to the centers of the 
fuses when relatively long fuses 1 2 are involved. For example it has been found that it 
may be desirable to provide air cooling to fuses having a length of approximately 
seven or more inches. In such cases, the supplemental air cooling may reduce the 
temperature difference between the center of the fuse and the ends of the fuse, 
thereby improving the service life of the fuse. 

[0043] The present invention provides an effective apparatus and method for maintaining 
the electrical coordination between fuses 1 2 and the electrical devices that they 
protect, and is particularly useful for adapting the fuses when the power rating of the 
system protected by the fuses is being increased. In one embodiment of the invention, 
the apparatus may be used to increase the electrical current rating of the fuses 1 2 
above their normal electrical current rating. In another embodiment, the apparatus 
may be used to increase the service life of the fuses 12 above their normal service life. 
Furthermore, in yet another embodiment, the apparatus may be used to increase the 
electrical current rating and service life of the fuses 12 while simultaneously 
maintaining fuse thermal capacity electrical coordination, electrical arc voltage 
coordination, or both, with an electrical device, such as a power converter, that is 
protected by the fuses 1 2. 

[0044] Figure 5 is a schematic diagram of an embodiment of the present invention being 
used to cool fuses that protect a power converter 44. In the depicted embodiment, a 
pump 26 circulates coolant 28 from reservoir 30 through passage 1 8 to three fuse 
arrays. In the exemplary embodiment, each fuse array is attached in electrical series 
with a power line corresponding to a phase c|> , 4> , c)> of a three-phase power 
converter 44 to protect the power converter 44. 

[0045] 

In addition to providing the aforementioned electrical benefits, the present 
invention also may provide other benefits with regard to waste heat evacuation and 
reuse. For example, it has been found that fuses 1 2 being cooled by the present 
invention deposit less waste heat into the air surrounding the fuses than conventional 
air-cooled fuses. As a consequence, nearby devices no longer have to compete with 
the fuses 1 2 for cooling air, and the ambient air cools the nearby devices more 
efficiently than in a system not employing the present invention. Improving the 
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cooling of the nearby devices may increase their service life and operating 
performance, and may provide other benefits. These benefits may be particularly 
valuable when the fuses 12 and other electrical devices are encased in a cabinet or 
other housing having relatively restricted airflow. 

[0046] Another benefit that may be provided by the present invention is that the waste 
heat removed from the fuses 1 2 by the coolant 28 may be used as a source of high 
quality heat for other parts of the system or some other system. High quality heat 
sources, such as heated water, are often used in industrial systems to heat devices or 
materials. For example, the heated coolant 28 may be passed through a heat 
exchanger 32 to preheat gases 46 entering a gas turbine combustion chamber 48 in 
order to increase the turbine"s operating efficiency. The beneficial reuse of waste heat 
generated by the fuses 1 2 is facilitated by removing the waste heat in a dense fluid 
medium, such as water, and may be difficult to obtain using an air-cooled fuse. It will 
be obvious to one skilled in the art that the waste heat may be used for other 
beneficial uses as well. 

[0047] Although the present invention has been described herein as a device for cooling 
electrical protection devices such as fuses, it should be readily apparent to one skilled 
in the art that the present invention may also be used to cool other electrical devices. 
For example, the present invention may be used to cool capacitors, relays, power 
semiconductor devices such as silicon controlled rectifiers, and other electrical devices 
that create or are exposed to heat during their operation. In addition, it should be 
clear to one skilled in the art that the present invention may be easily modified to heat 
electrical devices. 

[0048] While the foregoing description includes many details and specificities, it is to be 
understood that these have been included for purposes of explanation only, and are 
not to be interpreted as limitations of the present invention. Many modifications to 
the embodiments described above can be made without departing from the spirit and 
scope of the invention, as is intended to be encompassed by the following claims and 
their legal equivalents. 
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